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Background: modification of endografts are required to simplify and improve the safety of the endovascular management
of abdominal aortic aneurysms (AAA).
Objectives: the aim of this study is to evaluate the efficacy of a new custom-made, tubular and bifurcated device.
Materials and method: the graft consisted of a continuous, self-expanding, stainless steel, Z-stent structure, covered
with a thin wall PTFE tube. Bifurcated grafts were constructed in vivo from three PTFE tubes with a continuous Z-
stent structure. Twenty-seven high risk patients with a mean age of 74 (62–86) years and AAA, mean diameter 5.9 cm,
were treated in the last 26 months. Tube grafts were deployed in 13 aortic and one iliac cases, bifurcated grafts in nine
cases and aorto-uni-iliac grafts with femorofemoral bypass in four cases. Grafts were deployed percutaneously under local
anaesthesia. Patients were followed with contrast CT periodically.
Results: all grafts were deployed. There were no open conversions or other major complications. There were nine proximal
and one distal postoperative endoleak. Four sealed spontaneously, three were treated successfully with endovascular
techniques and three are under surveillance. In the 7 (2–23) months follow-up, one patient died due to heart failure 3
months post-procedure.
Conclusions: local anaesthesia and percutaneous graft introduction simplify and improve the efficacy of the procedure.
Continuous aortic graft support provides stability and reduces the risk of migration. PTFE is a flexible, low-profile
material for use in endovascular stentgrafts. The bifurcation concept used offers a simple technique for bifurcated grafts.
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Introduction of cases are unfit for the procedure due to anatomical
reasons.8,9 Sizing remains a problem leading to the
During the last 5 years, the endovascular management need for numerous devices, and general or epidural
anaesthesia with open exposure of the femoral arteryof abdominal aortic aneurysms (AAA) has become a
popular procedure in hospitals with well organised is necessary for most of the current devices.10,11
Current discussion involves the use of balloon-ex-and experienced radiology and vascular surgery de-
partments, able to perform the new procedure with a pandable or self-expandable devices,12 continuous or
intermittent graft support, aortoiliac or bifurcated de-high degree of safety.1–3 After continuous development
of the initial devices several new generation endografts signs, single-piece bifurcated or modular bifurcated
graft, dacron or PTFE material, percutaneous approachwhich are more friendly and easier to deploy are
available, making the technique even less invasive and or cut down, and local or general anaesthesia.
Each of the devices carry advantages and dis-more reliable.4–6
The long-term results are unknown, and reports advantages, but improvement is needed before we
reach the ideal endograft for the treatment of AAA.13,14from experienced centres describe considerable mor-
tality and high complication rates.7 A high proportion In this study we present our initial experience with
the use of a custom-made institutional device for the
endovascular treatment of AAA with tubular, bi-
* Please address all correspondence to: K. Papazoglou, E’ Surgical furcated and aortoiliac endoluminal grafts. The designDepartment, Hippokration Hospital, Konstantinupoleos 49 546 42,
Thessaloniki, Greece. and construction of the endografts and the delivery
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Table 1. Co-morbid factors. Table 2. Anatomical characteristics.
n % Mean aneurysm diameter 59.6 mm (range 37–102)
Aortic neck diameter 24.7 mm (18–33)
Aortic length 109.4 mm (65–150)Smoker 25 92.5
Severe cardiac disease1 19 70.4 Tortuosity of the iliac artery 7
Iliac artery diameter 11.6 mm (4–21)Coronary artery disease (15)
Congestive heart failure (4)
Obesity2 8 29.6
Renal insufficiency3 9 33.3
Dialysis (2) only preoperative imaging performed. The mean dia-
Diabetes mellitus4 4 14.8
meter of the sac was 5.9 (3.7–10.2) cm and the re-Chronic obstructive pulmonary 10 37
disease5 mainder of the anatomical characteristics as presented
Cancer 1 3.7 in Table 2. For the treatment of these aneurysms 14
Hypertension6 20 74
tube grafts, nine bifurcated and four aortoiliac graftsCerebral infarct 3 11
with femorofemoral bypass were implanted. A prox-
1 Severe cardiac disease was defined the classes II, III and IV ac- imal neck length <1 cm and proximal neck diameter
cording to NYHA classification (New York Heart Association).
>33 mm were the only contraindications.2 Obesity was defined as a body mass index (BMI) >30 kg/m2.
3 Renal insufficiency was defined as a creatinine concentration
>1.3 mg per decilitre (115 imol per litre).
4 Diabetes mellitus was defined as a HbAlc >6.2 mg/dl or/and a
fasting glucose value >140 mg/dl. Device design and implantation technique5 Chronic obstructive pulmonary disease was defined as a vital
capacity <80% of predicted normal value (normal range 30–50 ml/
kg of body weight) and/or FEV1 <80% of predicted value. The tube grafts with lengths between 7.5–15 cm and
6 Hypertension was defined as a systolic blood pressure >160 mmHg diameters from 20 to 32 mm, consisted of a continuous
and/or a diastolic blood pressure >90 mmHg.
self-expanding multiple Z-stent stainless steel struc-
ture with diameters between 20–35 mm covered withsystem was based on the following principles: safety
a thin-wall pre-expanded PTFE tube, (commercial thin-in the operating room, simplicity in the deployment,
wall 8–10 mm Impra and Gore pre-expanded grafts)and the ability to treat most of the cases with difficult
with diameters equal or smaller than the diameter ofiliac or aortic anatomy. Most of the patients included
the Z-stents. The lengths of the grafts were in in-in our study were considered high risk due to ad-
crements of 2.5 cm according to the length of each Zditional co-morbid factors and were referred to our
body and the diameters in increments of 5 mm withhospital as poor candidates for conventional treatment.
a maximum of 32 mm. Usually there was a 2–5 mm
oversize in the grafts compared to the diameter of the
proximal neck. In one case with a tortuous 33 mm
proximal neck, a 32 mm aortoiliac graft (the largestMaterials and Methods
size available) was deployed with the distal end placed
in the right iliac artery in combination with a femo-Patients
rofemoral bypass. This was done to achieve thrombosis
of the aortic aneurysm in an ill patient and left iliacBetween May 1995 and July 1997, 27 patients (25 men
and two women) with a mean age of 74 (62–84) occlusion causing left leg rest pain. The grafts were
compressed into a 16F peel-away tube and duringyears underwent treatment in our department. The
aneurysms were located in the abdominal aorta in 26 implementation they were advanced in position with
the help of a pusher through a long 16F sheath withpatients and in the iliac artery in one patient. Informed
consent was obtained from each patient after detailed a distal radiopaque ring initially placed above the level
of the renal arteries. Deployment of the graft wasdiscussion of the treatment and possible complications.
All patients were considered high risk due to ad- performed by withdrawal of the sheath.
Aorto-uni-iliac grafts were tapered with proximalditional co-morbid factors (Table 1). Preoperative
assessment of the aneurysm was performed with a and distal diameters according to the diameter of the
aorta and the iliac artery. In one case the trombonecontrast CT scan and aortography. Sizing of the graft
(diameter and length) was performed from the CT technique15 was used.
For the bifurcated grafts a new concept was usedscan, while the aortography provided information
about patent lumbar arteries or IMA, the morphology in order to simplify the procedure, reduce the com-
plication rate and extend the indications. The graftsof the iliac arteries and the angulation of the proximal
and distal aortic neck. Later in the study, spiral CT consisted of a tube graft with the PTFE cover folded
for several millimeters inside the distal lumen. Thewith 3-D reconstruction was availablle and was the
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Fig. 2. Intraoperative angiogram before and after the successful
deployment of a tube graft. Note the tight stenotic lesions of the
distal aorta and the aortic bifurcation. No balloon dilatation was
needed before the introduction of the 16F delivery sheath.
anaesthetist during the procedure and only in specific
cases (short, angulated proximal neck), was reduction
of systolic blood pressure to 90–110 mmHg performed.
Antibiotic cover (IV ceftriaxone 2 g/d or clavulanic
acid-Ticarcillin 5 g/d) was administered 2 h prior to
the procedure and for 72 h postoperatively. During
the procedure 2500–5000 units of heparin was ad-
ministered. All procedures were performed per-
cutaneously under local anaesthesia. After
percutaneous access of the femoral artery under local
anaesthesia, a long 45 cm 8F sheath was advanced to
Fig. 1. Schematic presentation of the bifurcated graft consisting of above the renal arteries and an aortogram performed.
a central main tube and two tubes as iliac limbs, with various distal The renal arteries and the aortic bifurcation were thendiameters.
marked on the skin with an 18G needle and the
fluoroscopic unit and task-fixed in position. For theiliac limbs had the same proximal diameter whilst the
bifurcated grafts a 7F sheath was introduced up to thedistal diameter and length were constructed according
level of the aortic bifurcation from the contralateralto the dimensions of the iliac arteries. The limbs were
side. After changing to an Amplatz 0.035 inch guide-introduced with the help of 14F sheaths from both
wire the 8F sheath was removed and a 16F 50 cm longfemoral arteries over guidewires running inside the
sheath advanced over the guidewire with the tip abovecentral graft and were deployed at the same level
the level of the renal arteries. The graft, which isinside the distal end of the central graft with an overlap
well visible due to the stainless steel structure, wasof 2.5 cm. In this series iliac limbs with diameters of
advanced and deployed as described earlier between7–24 mm and lengths of 2.5–7.5 cm distal to the aortic
the two markers and a completion arteriogram per-bifurcation were used (Fig. 1).
formed (Fig. 2). For the bifurcated grafts, after de-
ployment of central graft the 16F sheath was advanced
again over the wire inside the distal portion of the
central graft. A wire was then passed through the 7FOperative sequence
contralateral sheath and through the distal central
graft. A 14F sheath was placed inside the centralThe procedure was performed by vascular surgeons
in the operating room. A portable C-arm and an graft and the two iliac limbs deployed. A completion
arteriogram was performed to check the flow throughordinary surgical table that allows good fluoroscopic
images from the level of the femoral arteries to the the graft and detect possible perigraft leaks. Pressures
were checked through the sheaths on both sides. Uplevel of the chest was used for the procedure. The
patients were monitored haemodynamically by the to this point the procedure was percutaneous. In order
Eur J Vasc Endovasc Surg Vol 17, March 1999
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Fig. 3. Preoperative (a) and 6-month (b) follow-up CT scan of a tube graft confirming the absence of leak or dilatation of the PTFE graft.
The stainless steel Z-stent skeleton is also visible on the CT scan.
to remove the 16 and 14F sheaths, a 4–5 cm groin persisted for 6 months, and with the patient’s consent,
secondary endoluminal interventions were attempted.incision, including the puncture site, was performed
and the deep fascia exposed around them. Double
pursestring sutures (Prolene 0/0) were introduced
around the shaft of the sheath running through the Results
deep fascia and close to the femoral artery wall. The
sheath was removed and the puncture sites closed by Successful graft deployment was performed in all cases
tying both pursestring sutures. After sheath removal, and there was no need for open repair or general
distal pulses were checked, a pressure bandage applied anaesthesia. When a leak was detected after graft
to both groins, and the patient was transferred from deployment, balloon dilatation of the proximal (seven
the operating room. cases) or distal (two cases) graft attachment was the
only additional manoeuvre performed. The mean op-
erating time was 60 (45–80) min for tube grafts, 95
(75–140) for the bifurcated and 110 min for the aorto-Postoperative management
uni-iliac graft with femorofemoral bypass. Because of
poor flow in one of the limbs of two bifurcated grafts,No intensive care unit monitoring was needed and
due to compression from the other limb, Palmaz stentsthe patients were transferred to a regular hospital
were deployed in the proximal opening. In one of theroom. Urine output and temperature were monitored
aorto-uni-iliac cases the contralateral side was alreadyfor the first 24 h and feeding started immediately.
occluded due to iliac aneurysmal disease. In the restAntibiotic therapy was given for 3 days and in cases
of the cases coils and blind stent were used in order towhere more than 200 cc of contrast media was used
occlude the internal and common iliac artery, together20 g mannitol was given postoperatively. Mobilisation
with ligation of the external iliac artery. There werewas allowed on the first postoperative day and plain
no problems with the closure of the puncture sitesabdominal X-ray films were performed to check the
with the pursestring suture except in one case. Hereposition of the graft. On the 3rd postoperative day
direct repair of the femoral artery was performeda contrast CT was performed to check for possible
because of sudden removal of the sheath and guide-endoleaks.
wire. Mean blood transfusion of 300 (0–600) cc were
administered in 14 patients shortly after operation,
most of them early in the series, because of poor
function of the valve mechanism of the 16F sheath, aFollow-up protocol
problem that is now corrected. Postoperatively 18
patients had a fever (37.5–39 °C) at 12–72 h togetherThe patients were followed with physical examination,
ABIs, contrast CT and plain abdominal X-ray 3 months with a raised WBC count. In two cases slight elevation
in creatinine level was observed that receded withoutafter discharge and then every 6 months (Fig. 3). The
integrity of the graft, diameter of the aneurysm and additional treatment. On contrast the CT scan on the
3rd postoperative day we observed nine proximal andpossible late leaks were checked. In cases where a leak
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Table 3. Initial and follow-up results in 27 patients treated with Discussion
endoluminal stent grafts for infrarenal abdominal aortic an-
eurysm.
There have been many changes following the the first
Tubular Bifurcated Aortoiliac endoluminal AAA repair.14 We believe that continuousNumber of patients
support of the graft with stents offers stability and14 9 4
prevents migrations compared to unsupported grafts.
Primary success 71.4% 66.6% 25%
Bifurcated grafts are necessary to achieve optimalPrimary endoleak 4 3 3
Secondary endoleak 0 0 0 results in most cases.16 Although one-piece bifurcated
Sealed endoleak 2 1 1 grafts were the first to be tested problems were en-
Endovascular procedure 0 2 1
countered with delivery complexity, sizing and twist-Remain 2 0 1
Secondary success 85.7% 100% 75% ing of the limbs,17 compared to the modular two-piece
devices.4,14
We have tried to develop a device for percutaneous
use, because we believe that it would decrease the over-
all operating time and invasiveness of the procedure.
From this study we also concluded that percutaneous
introduction together with the use of kink-resistant
teflon sheath with a radiopaque ringer and a long
tapered introducer (Cook Inc), increases the ability of
the system to deal with stenotic and tortuous iliac
arteries so that we were able to deliver and deploy
the graft in all cases.
Although the long-term integrity and stability of
PTFE used as endoluminal graft remains to be dem-
onstrated, there were no ruptures or leaks through the
graft material. PTFE is a thin flexible material that
permits reduction of the stentgraft down to 16F whichFig. 4. Three-month follow-up CT scan of a bifurcated graft at the
bifurcation level. Note the stainless steel Z-stent structure of both is important for the percutaneous introduction of the
limbs compressing each other in the middle of the overlapped device. Closure of the puncture site with the doubleportion of the main tube.
pursestring on the femoral fascia simplified the pro-
cedure and allows the use of local anaesthesia. Exceptone distal (tube-graft) endoleaks (Table 3). There were
for two cases with small haematomas treated by localno leaks through the graft material, the bifurcation
pressure, there were no other complications from theand the distal attachment in the bifurcated grafts in
percutaneous introduction of the graft.any case (Fig. 1). Three of the nine proximal leaks, as
In order to eliminate the risk of open conversionswell as the distal one, thrombosed spontaneously in
we tried to construct a device that would not migratethe first 3 months. Three of the other six proximal
or occlude. This was achieved by supporting the en-leaks were treated, one with coil embolisation of a
dograft, tubular or bifurcated, with a rigid stainlesspatent hypogastric artery because of low delivery of
steel skeleton. The rigidity of the radiopaque skeletona blind stent in an aorto-uni-iliac graft, one with di-
sitting on the aortic bifurcation allows several man-latation and aortic Palmaz stent deployment on the
oeuvres (balloon diltatation, graft repositioning, de-proximal graft attachment in an angulated neck, and
ployment of additional stentgrafts) without disturbingone with an additional short graft deployment in the
the integrity of the structure. This is important andproximal neck of a bifurcated graft.
probably the main reason we have not yet seen anyDuring the follow-up period (2–23 months, mean 7
serious intraoperative complications, intermediate mi-months) one patient died due to heart failure 3 months
gration or secondary endoleaks.after the procedure. All other cases remain patent
We designed a bifurcated system that would bewithout problems related to the procedure and no
simple to deploy and allow the development of limbsgraft migration, graft dilatation or late leak (Figs 3, 4).
with a wide range of diameters and lengths. This wasThe aneurysm diameter remained stable or reduced
achieved by using a three-piece device.slightly (change <2 mm compared with the pre-
We experienced a high percentage of endoleaksoperative CT scan) in all cases regardless of the pres-
(10 cases – 36%), mainly proximally. Several factors18ence of perigraft leak. There was no change in the
diameters of the proximal or distal necks. contributed to this: (a) poor morphological selection
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